Abstract: The purpose of this study was to evaluate the dental arch relationship of non-syndromic Malay unilateral cleft lip and palate (UCLP) children and also assess the various congenital and postnatal treatment factors that affect dental arch relationship. Study models of 107 UCLP children were included in this study that was treated in Hospital Universiti Sains Malaysia over a period of 12 years (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012). The mean age was 7.69± 2.46 (mean± SD). The dental arch relationship was assessed by GOSLON Yardstick which comprises five categories; named-1: excellent; 2: good; 3: fair; 4: poor; 5: very poor. All the subjects were divided into two groups; favorable (category ratings 1-3) and unfavorable (category ratings 4 and 5) groups. Kappa statistics was used to evaluate the intra-and inter-examiner agreements and logistic regression analysis was used to explore the responsible factors that affect dental arch relationship. The mean GOSLON score was 3.15±0.9. Total 72 subjects (68% of all subjects) were categorized into favourable group (category rating 1, 2 and 3) using GOSLON Yardstick. Intra-and inter-examiner agreements were good to very good. Palatoplasty and cheiloplasty seemed to be correlated with favourable dental arch relationship using crude regression analysis but no significant associations were found. This multivariate study shows no significant association between various congenital and postnatal treatment factors and dental arch relationship.
Introduction
A cleft is a congenital abnormal space or gap in the upper lip, alveolus, or palate. Cleft lip and palate (CLP) is one of the most common congenital anomalies that affect the oro-facial region 1) .
It affects approximately 1.30 of every 1000 live births in the Asian population. In Asians, the rate is 1.41 per 1000 live birth amongst Japanese (non-syndromic clefts), 1.21 per 1000 live births in Chinese (non-syndromic clefts) and 1.25 in the other Asian populations 2) . The etiology of CLP has been thought to be multifactorial with genetic and environmental factors [3] [4] [5] . Maxillary growth retardation and high incidence of Class III malocclusion are the major problems in patients with CLP 6, 7) . In patients with CLP, abnormalities in tooth number, size, shape and timing of tooth formation are more frequent than in the general population 8, 9) . Orthodontists generally examine CLP patients at 5 or 6 years of age for commencement of orthodontic treatment. Majority of the unilateral cleft lip and palate (UCLP) patients aged 5 or 6 years will have already exhibited Class III malocclusion with maxillary growth retardation. Most of UCLP patients show underdeveloped maxilla in sagittal, vertical and transverse dimensions following surgical repair of the cleft 10) . Numerous investigations and discussions on the influence of primary surgery have been reported 3) but the cause of maxillary retrusion is still controversial. Various factors that affect the dental arch relationship such as presurgical orthopedic plate 11) , type of cheiloplasty 12, 13) , and type of palatoplasty 14, 15) . It has been considered that congenital factors such as UCLP type, side, family history of cleft, family history of skeletal Class III (maxillary hypogrowth and/or mandibular excessive growth) are also responsible for poor dental arch relationship 16, 17) . Based on literature survey, only a study has been done regarding dental arch relationship of Malay UCLP children using GOSLON Yardstick which concluded with fair treatment outcome among the children 18) . However, association between various congenital and postnatal treatment factors and dental arch relationship were yet to determine. In a recent study, Yew et al. 19) has been evaluated treatment outcome based on EUROCRAN Index. They evaluated pre and post natal factors and found no significant association. The aim of our study was to evaluate not only the dental arch relationship of non-syndromic Malay UCLP children using the GOSLON Yardstick and also assess the various factors that affect dental arch relationship. Later on, few of these children were excluded following the exclusion criteria of our study and absence of panoramic radiographs or dental models. The medical records and study models were acquired from the record archive of the hospital.
Materials and Methods
The inclusion criteria of our study were - (Table 1) .
Methods
The dental arch relationship was assessed using the GOSLON Yardstick index 20) . According to GOSLON Yardstick, five categories are rated; named-1: excellent; 2: good; 3: fair; 4: poor; 5: very poor which reflect a growth range of dental arch relationship. According to the GOSLON scale, categories 1 and 2 have occlusions that require simple orthodontic treatments and category 3 needs complex orthodontic treatment. Individuals in the category 4 are at the limits of orthodontic treatment, and orthognathic surgery will generally be necessary; whereas, subjects in the category 5 require combined orthodontic-surgical therapy 20) . A number in random order was assigned to the all 107 models (upper and lower) by a non-examiner to ensure examiner blinding. To evaluate the dental arch relationship and also the intra-and Inter-examiner agreements, dental models were rated twice with two weeks interval by five examiners: one with more than 10 years of experience as an orthodontist (examiner A), one postgraduate student of orthodontics unit (examiner B), other three were post graduate students of department of Oral and Maxillofacial surgery (examiners C, D and E). Each set of model was given total of ten individual scores over two sessions. The average score of five examiners was chosen for the analysis. Furthermore, the subjects were divided into two groups; favorable (category ratings 1-3) and unfavorable (category ratings 4 and 5) groups. This grouping was carried out because the patients in the favorable groups could be treated with conventional orthodontics, whereas patients in the unfavorable groups sometimes required surgical correction. The intra-and inter-examiner agreements were analyzed with the kappa statistics. According to Altman 21) , the kappa values of the intra-and inter-examiner agreements were interpreted. Various factors with favorable and unfavorable outcomes were evaluated by Chi square test. Logistic regression analysis was performed using the dichotomous dependent variable, favorable and unfavorable groups. Both crude and backward stepwise logistic regression analyses were done to explore the unfavorable dental arch relationship in UCLP patients. These analyses were carried out using the statistical package SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA). Significance level was set at p <0.05.
Statistical analysis

Results
Intra-and inter-examiner agreements
Intra-examiner agreements for examiner A, B, C, D and E were 0.933, 0.920, 0.919, 0.907 and 0.890 respectively ( Table 2 ).
The kappa score ranged from 0.768 to 0.960 for the inter-examiner (Table 3 ). The kappa scores for the GOSLON Yardstick showed very good intra-examiner agreements and good inter-examiner agreements.
Score distribution
Based on the 5 categories of GOSLON Yardstick index, 107 models were distributed as group 1=3 subjects, 2=22 subjects, 3=43 subjects, 4=34 subjects and 5=5 subjects amongst 107 models collected. The mean GOSLON score was 3.15±0.9 ( Fig.   1 ).
Comparison of factors between favorable and unfavorable groups
Distribution of the percentage of favorable and unfavorable group of various factors like sex, UCLP type , UCLP side, family history of cleft, missing lateral incisor, type of cheiloplasty, type of palatoplasty are shown in Table 4 .
Crude logistic regression analysis Crude logistic regression analysis was carried out to estimate associations between each congenital and postnatal treatment factor and dental arch relationship. The 95% confidence intervals were determined and the factors with a p-value of less than 0.05 were considered to have a significant association with dental arch relationship. Odds ratio of variables gender, side, type, family history and missing lateral incisor is more than 1 indicating that these factors are associated with unfavorable dental arch relationship. Palatoplasty and cheiloplasty shows association with favorable dental arch relationship. But there are no significant association was found between individual factors and dental arch relationship (Table 5) .
Stepwise backward logistic regression analysis
Stepwise logistic regression analysis was planned to explore the association between various factors (independent variable) and dental arch relationships (dependent variable). Table 6 shows that, there are no significant association among these factors and dental arch relationship using the GOSLON Yardstick.
Discussion
In our study, we evaluated dental arch relationship of Malay UCLP children to explore the responsible congenital and postnatal treatment factors that affect treatment outcomes. Therefore, 107 dental casts were taken of non-syndromic UCLP patients before orthodontic treatment and alveolar bone grafting; which was relatively higher than the number of subjects used in the previous studies 14, 20, 22) . All models were assessed using the GOSLON Yardstick; the most commonly used index for last two decades.
GOSLON Yardstick revealed itself to have good inter-and intraexaminer reproducibility and reliability 23, 24) . This index is used in mixed dentition stage and also can help in predicting the future treatment plan. Moreover, GOSLON Yardstick also shows high correlation with results of cephalometric measurements with the position of the maxilla and mandible 25, 26) . The dental arch relationship of the GOSLON Yardstick in this study showed good to very good intra-and inter-examiner agreement (Tables 1, 2) .
The treatment outcome of this population was fair 20) . Similarly, Alam et al. 16) Haque et al 27) also found fair outcome in a study of Japanese and Bangladeshi population respectively. In addition, like our study, favorable outcome has been reported by Harila et al. 25) and Sinko et al. 26) of all cases. It should be noted that showing different results in different population of treatment outcome based on the dental arch relationship may be due to sample size, racial disparities, use of different technique of surgery or the experience of the surgeons.
In our study, we found slightly higher prevalence of CLP in males using chi square test. Our results were similar to some other study in Asian population 2, 28, 29) . Male-to-female ratio in a study in china was 1.4:1 2) , in Japanese population of ratio 1.6:1 29) and in Filipinos of 1.7:1 28) . The prevalence of cleft in males in majority of Asian population may be possibly due to similar postnatal treatment factors. Clefts were more common on the left side in our study but the side on which the cleft is present did not show any significant association with unfavorable outcome. Even in previous studies, cleft was more prevalent on left side 30) . The cleft being complete or incomplete and its influence on dental arch relationship were evaluated. Among the incomplete CLP, 68.8% of them showed a favorable outcome and 62.6% of the complete CLP exhibited favorable dental arch relationship.
Missing lateral incisor of the cleft side (86% among the subjects) was vastly observed in this study. A study done in Finland, found hypodontia was prevalent in subjects with isolated cleft palate with and without a positive family history of clefts 6) . It also similar to our study, which showed hypodontia (missing lateral incisor) and most of our subjects did not have a positive family history.
All cheiloplasty and palatoplasty of this study were carried out at the same hospital and operated by same treatment protocol just applying two different techniques of surgery thus we could evaluate the techniques of surgery which was responsible for unfavorable dental arch relationship. In our study, the cheiloplasty techniques were either Millard technique or Modified Millard technique. It should be noted that a correlation between Millard cheiloplasty technique and favorable outcome in GOSLON scoring was seen, though it was not significantly associated. Cheiloplasty An odds ratio greater than 1 indicates that the respective independent factor associates with unfavorable dental arch relationship, and less than 1 indicates that the respective independent factor associates with favorable dental arch relationship .
In order to observe the association between various congenital (gender, UCLP side, UCLP type, family history of cleft, missing lateral incisor) and postnatal treatment (type of cheiloplasty and type of palatoplasty) factors and dental arch relationship, crude logistic regression and adjusted stepwise backward logistic regression analysis was carried out. Based on the regression analyses, type of cheiloplasty and palatoplasty showed favorable effect on the dental arch relationship. But there are no significant association was found (p>0.05). These findings were achieved from Malay UCLP children assessed by GOSLON Yardstick. May be these findings are different in other population. We encourage other population also to do same study to explore the precise factors that are responsible for dental arch relationship. Based on the results, following conclusion can be drawn-1. The mean GOSLON score was 3.15±0.9.
2. This multivariate analysis shows no significant association between various congenital and postnatal treatment factors and dental arch relationship.
